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© Catalysts, method of preparing these catalysts and method of using said catalysts. 

© A catalyst is prepared by combining a first compound consisting ol a bis(cyclopentadienyl)metal compound 
having one of the following general formulae: 

1. (A-Cp)KX 1 X 2 

I 1 

2. (A-CpjHX'jX^ 

3. (A-Cp)ML 

4. (Cp*)(CpR)MXi 

Wherein: 

M is a metal selected from the Group consisting of titanium, zirconium and hafnium; 
(A-Cp) is either (Cp)(Cp") or Cp-A'-Cp' and Cp and Cp' are the same or different substituted or unsubstrtuted 
cycfopeniadienyl radicals; 

A' is a covalent bridging group; 

L is an olefin, diolefm or aryne ligand; 

X, and X* are. independently, selected from the group consisting of hydride radicals, hydrocarbyl radicais. 
substituied-hydrocarbyi radicals, organometalfoid radicals and the like; 

X'i and X*? are joined and bound lo the metal atom to form a metallacycle. in which the metal atom. Xi and 



Rant. Xea» (UX) Business Scvicn 



EP0 468 537 A1 



X*j form a hydrocarbocycRc ring containing from about 3 to about 20 carbon atoms; and 

R is a substituent on one ot the cyctopentadienyl ladicais which is also bound to the metal atom. 
With a second compound which is an fan exchange compound comprising a cation which mU irreversibly react 
with a ligand on said first component and an anion which is a single coordination complex comprising a plurality 
of lipophilic radicals covalentty coordinated to and shielding a central charge-bearing metal or metalloid atom, 
which anion is bulky and stable to reactions involving the cat ion of the second component Upon combination ot 
the first and second components, the cation of the second componen! reacts with one of the Rgands ot the first 
component, thereby generating an ion pair consisting of a Group IV-B metal cation with a formal coordination 
number of 3 and a valence ot * 4 and the aforementioned anion, which anion is compatible with and 
noncowdinating towards the metal cation lormed from the first component. Suitable second components may be 
represented by the following general formula: 

Wherein: 

I' is a neutrat lewis base; 
H is a hydrogen atom; 
|L' -H] is a Bronsted acid; 

M' is a metal or metalloid selected from the Groups subtended by Groups V-B to V-A of the Periodic Table 
of Ihe Elements; ie.. Groups V-B. VT-B. VH-B. VIII. I-B. tl-B l&A. IV-A and V-A; 

Ot to 0„ are selected, independently, from the Group consisting ol hydride radicals, dialkytamido radicals, 
alkoxide and aryloxide radicals, hydrocarbyl and subsliluted-hydrocarbyl radicals and organometaltoid radicals 
and any one. but not more than one. of 0, to 0. may be a halide radical - the remaining 0, to 0 R being, 
independently, selected from the foregoing radicals; 

rn is an intoger from 1 to 7; 

n is an integer from 2 to 8; and 

n - m » d. 

Many ot the catalysts thus formed are stable and isotable and may be recovered and stored. Tho catalysis may 
be preformed and then used to polymerize olefins, diotefins and/or acetylenically unsaturated compounds either 
alone or in combination with each other or with other monomers or the catalysts may be formed in situ durng 
polymerization by adding the separate components to the polymerization reaction. The catalyst will be formed 
when the two components are combined in a suitable solvent or diluent al a temperature within the range from 
about *100'C to about 300* C. The catalysts thus prepared atiord better control of polymer molecular weight 
and are not subject to equilibrium reversal. The catalysis thus produced are also less pyrophonc than the more 
conventional Ziegler Natta olefin polymerization catalysts. Certain ot the catalysts also yield homopolymers ot o- 
otefins having relatively high molecular weights. Certain of these calaiysts also yield copolymers containing 
significantly more comonomer. many of which copolymers will be elastomeric. 
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This a Continuation-ln-Parl of U. S. Paten! Application Serial No. 008.800. filed January 30. 1987. 
BACKGROUND OF THE INVENTION 

5 This invention relates to compositions of matter which are useful as catalysts, lo a method for preparing 
these catalysts, to a method ol using these catalysis and lo polymeric products produced with these 
catalysis. More particularly, this invention relates to catalyst compositions, to a method of preparing these 
catalyst compositions, to a method for polymerizing olefins, diotefins and/or acetytenicaUy unsaturated 
monomers wherein these catalysts are used and to homoporymer and copolymer products produced with 

io these catalysts. 

The use of soluble Ziegler-Natta type catalysts in the polymerization of olefins is. of course, wen known 
in the prior art. In geneial. these soluble systems comprise a Group IV-B metal compound and a metal afkyl 
cocatalyst.' particularly an aluminum alkyt cocatalyst. A subgenus of these catalysts is that subgenus 
comprising a bis(cyclopentadienyl) compound of the Group fV-B metals, particularly titanium, in combine- 
rs lion with aluminum alkyl cocatalysts. While speculation remains concerning the actual structure of the active 
catalyst species in this subgenus ol soluble Ziegler-Natta type olefin polymerization catalysts, it would 
appear generally accepted that the active catalyst species is a cation or a decomposition product thereof 
which. wiD alkylate an olefin in the presence of a labile stabilizing anion. This theory may have first been 
advocated by Brestow and Newburgrand Long and Breslow. as indicated in their respective articles 

20 appearing in J. Am. Chem. Soc.. 1959. Vol. 81. pp. 81-86. and J. Am. Chem. Soc.. 1960. Vol. 82. pp. 1953- 
1957. As indicated in these articles, various studies suggested that the active caialyst species is a titanium- 
alkyl complex or a species derived therefrom when a titanium compound; viz.. bis(cyclopentadienyl)titanium 
dihalide. and an aluminum alkyl are used as a catalyst or catalyst precursor. The presence of ions, afl being 
in equilibrium, when a titanium compound is used was also suggested by Dyachkovskii. Vysokomol. Soyed, 

» 1965. Vol. 7 pp. 114-115 and by Dyachkovskii. Shilova and Shilov. J. Potym.Sci.. Part C. 1967. pp. 2333- 
2339. Thai the active catalyst species is a cation complex when a titanium compound is used, was further 
suggested by Eisch et al.. J. Am. Chem. Soc.. 1985. Vol. 107. pp. 7219-7221. 

While the loregoing articles teach or suggest thai the active catalyst species is an ion pair and. 
particularly an ion pair wherein the Group IV-B metal component is present as a cation or a decomposition 

30 product thereof, and while these references teach or suggest coordination chemistry to form such active 
catalyst species, all of the articles leach the use of a cocataryst comprising a Lewis acid either to form or lo 
stabilize the active ionic catalyst species. The active catalyst is. apparently, formed through a Lewis acid- 
Lewis base reaction of two neutral components {the metallocene and the aluminum alkyl). leading to an 
equilibrium between a neutral, apparently inactive, adduct and an ion pair, presumably the active catalyst. 

js As a result of this equilibrium, there is a competition tor the anion which must be present to stabilize the 
active cation catalyst species. This equilibrium is. of course, reversible and such reversal will deactivate the 
catalyst. Moreover, the catalyst systems heretofore contemplated are subject to poisoning by the presence 
of basic impurities in the system. Further, many, if not all. of the Lewis acids heretofore contemplated for 
use in soluble Ziegler-Natta type catalyst systems are chain transfer agents and. as a result, prevent 

40 elleclive control of the product polymer molecular weight and molecular weight distribution. Still further, the 
catalyst systems heretofore proposed do not generally facilitate incorporation ol a significant amouni of a 
plurality of different monomers or random distribution of such monomers when used in copolymerizatjon 
processes, particularly o-olefin copolymerization processes. Still even further, most. H not at), of the metal 
alkyl cocatalysts heretofore contemplated are highly pyrophoric and. as a result, hazardous to use. 

45 The aforementioned catalyst systems are not highly active, nor or they generally active when zirconium 
or hafnium is the Group IV-B metal used. Recently, however, it has been found that active Ziegler-Natta 
type catalysts can be formed when bis(cyclopentadienyt) compounds of the Group IV-B metals, including 
zirconium and hafnium, are used with alumoxanes. As is wen known, these systems, particularly those 
comprising zirconium, offer several distinct advantages, including vastly higher activities than the atoremen- 

50 tioned bistcyctopentadienyl)tilanium catalysts and the production of polymers with narrower molecular 
weight distributions than those from conventional Ziegler-Natta catalysts. These recently developed catalyst 
systems still yield polymeric products having relatively tow molecular weight, however. Moreover, these 
recently developed catalyst systems have not affected the amount of comonomer incorporated into a 
copolymer or the relative distribution of such monomer therein. Further, these systems remain subject to 

ss poisoning when basic impurities are present and require an undesirable excess of the alumoxane to function 
efficiently. 

Bis(cyctopentadienyl)hatnium compounds used with alumoxane cocatalysts have offered tew. H any. 
advantages when compared lo analogous bis(cyclopentad'.enyl)titanium or -zirconium catalysts with respect 
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to catalyst activity, polymer molecular weights, or extent or randomness of comonomer incorporation. This 
has been suggested by Giannetti. Nicoletti. and Mazzochi. J. Polym. Sd. Polym. Chem. 1985. Vol. 23. pp. 
21 17-2133. who claimed thai the ethylene polymerization rates of bis{cyclopentadienyl)hatnium compounds 
were live to ten times slower than those of similar bis(cyclopentadienyl)2irconium compounds while there 

s was little difference between the two catalysts in the molecular weight of the polyethylene formed from 
them. European Patent Application No. 200.351 A2 (1986) suggests thai in the copolymerization of ethylene 
and propylene there is little difference among bis(cyclopentadienyl)titanium. -zirconium, and -hafnium 
compounds either in polymer molecular weights and molecular weight distributions or in ability to 
incorporate propylene randomly. Recently, however. Ewen et al. disclosed in J. Am. Chem. Soc.. 1987. Vol 

re 109. pp. 6544-6545. that chiral hafnium met alloc en e compounds used with an atumoxane cocatalyst gave 
isotactic polypropylene of higher molecular weight than that obtained from analogous chiral zirconium 
metallocenes. 

. In light of the several deficiencies of the coordination catalyst systems heretofore contemplated, the 
need for an improved catalyst system which: (1) permits better control of molecular weight and molecular 
is weight distribuion; (2) is not subject to activation equilibrium and (3) does not involve the use of an 
undesirable cocatalyst is believed readily apparent. The need for a catalyst system which win facilitate the 
production of higher molecular weight polymeric products and facilitate incorporation of a larger amount of 
comonomer into a copolymer and alter the relative distribution of such comonomers in such copolymers is 
also believed to be readily apparent. 

70 

SUMMARY OF THE INVENTION 

It has now been discovered that certain of the foregoing and other disadvantages ol the prior art ionic 
olefin polymerization catalysts can be avoided, or at least reduced, with all of the ionic catalysts of the 

zs present invention and that all ol the foregoing and other disadvantages of the prior ait ionic olelin 
polymerization catalysts can be avoided, or at least reduced, with certain of the ionic catalysts of this 
invention and improved olefin, diolefin and/or acetylenicaliy unsaturated monomer polymerization processes 
provided therewith. It is. therefore, an object ol this invention to provide improved ionic catalyst systems 
which are useful in the polymerization of olefins, diolefins and/or acetylenicaliy unsaturated monomers, ft is 

30 another object ol this invention to provide a method tor preparing such improved catalysts. It is a further 
object of this invention to provide an improved polymerization process using such improved catalysts. It is 
still another object of this invention to provide such an improved catalyst which is not subject to ion 
equilibrium reversal. It is still a further object ol this invention to provide such an improved catalyst which 
may permit better control of the product polymer molecular weight and molecular weight distribution, It is 

3b yet another object of this invention to provide such an improved catalyst which may be used with less risk 
of fire. 11 is yet a further object of this invention to provide certain improved catalysts, particularly certain 
halnium containing catalysts, which will yield relatively -high molecular weight polymers, ft is even another 
object of this invention to provide certain improved catalysts, particularly certain hafnium containing 
catalysts, which will yield copolymers containing relatively large amounts of a plurality of comonomers. 

40 which comonomers are distributed in a manner at least approaching randomness. It is even a further object 
of this invention to provide polymeric products proceed with these catalysts having relatively narrow 
molecular weight distributions and which are free of certain metal impurities. It is still even another object of 
this fnvention o provide certain polymeric products, prepared with certain of these catalysts, having 
relatively high molecular weights. It is still even a further object of this invention to provide certain 

«5 copolymers, prepared with certain of these catalysts, containing relatively large amounts of a plurality of 
comonomers. which comonomers are distributed in a manner at least approaching randomness. The 
foregoing and still other objects and advantages of the present invention win become apparent from the 
description set forth hereinafter and the examples included herein. 

In accordance with the present invention, the foregoing and other objects and advantages are 

so accomplished with and by using a catalyst prepared by combining at least two components. The first of 
which components is a bis(cydopentadienyl) derivative of a Group tV-B metal compound containing at least 
one ligand which will combine with the second component or at feast a portion thereof such as a cation 
portion thereof. The second of which components is an ion-ochange compound comprising a cation which 
will irreversibly read with at least one ligand contained in said Group IV-B metal compound (liist 

55 component) and an anion which is a single coordination complex comprising a plurality of lipophilic radicals 
covalently coordinated to and shielding a cental formally charge-bearing metal or metalloid atom, which 
anion is bulky, labile and stable to any reaction involving the cation of the second component. The charge- 
bearing metal or metalloid may be any metal or metalloid capable of forming a coordination complex which 

4 
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is not hydrotyzed by aqueous solutions. Upon combination ol the list and second components, the cabon 
ol the second component reacts with one ol the figands ol the lust component, thereby 9 ene.at,ng an urn 
pal, consists™, ol a Group IV-B metal cation with a lormal coordination number ol 3 and a valence ol *4 
and the aloremenlioned anion, which anion is compatible with and noncoo.dina.ing towards the metal ceUon 
termed 1-om the first component. The anion ol the second compound must be capable ol slab.hz.ng the 
Group IV-B metal cation complex without interfering with the Group IV-B metal cation's or rts decomposrbon 
product s ability to (unction as a catalyst and must be sufficiently labile lo permit displacement by an olefir, 
diolefin or an acetylenically unsaturated monomer during polymerization. To, example. Bochmam and 
Wilson have reported (J. Chen, Soc. Chen, Comm.. 1986. pp. 1610-1611) thai l>s<c y rJop*ntadienyl> 
titanium dimethyl reads with telratTuoroboric acid to lorm Ws(cyclopentadienyl)titan.um methyl 
letralluoroborate. The anton is. however, insufficiently labile lo be displaced by elhylene. 

DETAIIED DESCRIPTION OF THE INVENTION 

As indicated supra, the present invention relates to catalysts, to a method to preparing such catalysts, 
to a method lor using such catalysts and to polymeric products produced with such catalysts. The catalyst 
are particularly uselul for polymerizing o-olefins. diolelins and acetylenically unsaturated monomers erthe. 
alone or in combination with other olefins, diolelins and/or other unsaturated monomers. The improved 
catalysis are prepared by combining at least one first compound which is a bisfcyclopentadienyl) denvauve 
ol a metal ol Group IV-B ol the Periodic Table ol the Elements containing at least one kgand whet, vnll 
combine with the cation ol the second compound which first compound is capable ol lormmg a cabon 
formally having a coordination number ol 3 and a valence ol ♦« and at least one second compound whrch 
is a salt comprising a cation capable ol donating a proton which will irreversibly combine w,lh sard at least 
one ligand (substiluent) liberated by said Group IV-8 metal compound and an amon whch .s a srngle 
coordinalion complex comprising a charge-bearing metal or metalloid core, which anion is both bulky and 
labile compatible with and noncoordinafing toward the Group W-B metal cation tamed horn the first 
component, and capable ol stabilizing the Group IV-B metal cation without interfering with said Group IV-B 
melal cation's or Hs decomposition product's abilty to polymerize .-olefins, diolelins and/or acetylenrcaUy 
unsaturated monomers. . 

All reference to the Periodic Table of the Elements herein shall refer to the Penodrc Table ol the 
Elects, published and copyrighied by CRC Press. Inc.. 1984. Also, any reference to a Group or Groups 
shall be to the Group or Groups as reflected in this Periodic-Table of the Elements. 

As used herein, the recitation -compatible noncoordinaUng anion" means an amon which ether does 
not coordinate to said cation or which is only weakly coordinated to said cation thereby remainrng 

. sufficiently labile to be displaced by a neutral Lewis base. The recitation -compatible noncoord.natrng 
anion- specifically refers to an anion which when functioning as a stabilizing anion in the catalysl system ol 
this invention does not transfer an anionic substituent or fragment thereof to said cation thereby lormmg a 
neutral four coordinate melaliocene and a neutral metal or metalloid byproduct. Compat.bfe amons are 
anions which are not degraded to neutrality when the initially formed complex decomposes. The reatabon 

, -metalloid, as used herein, includes non-metals such as boron, phosphorus and the like wh,ch exhibit serro- 
metatlic characteristics. - 

The Group IV-B metal compounds; i.e.. titanium, zirconium and hatmum compounds, useful as first 
compounds in the preparation of the improved catalyst of this invention are bis(cyclopentadienyl) denvatoves 
ol titanium, zirconium and hafnium. In general, useful titanium, zirconium and hafnium compounds may be 

j represented by the following general formulae: 



1. (A-Cp)MXjX 2 

2. (A-Cp)MX^X' 2 

3. (A-Cp)ML 

4. (Cp'MCpRJKXi 



^Tcp) is either (CpHCp") or Cp-A'-Cp' and Cp and Cp' are the same or different substituted or 
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unsubstituted cyclopentadienyt radicals wherein A' is a covalenl bridging group containing a Group IV-A 
element; 

M is a metal selected liom the Group consisting ol titanium, zirconium and halnium; 
L is an olefin, diolenn or aryne Ggand; 

X< and X? are. independently, selected horn the group consisting ol hydride radicals, hydrocarbyl 
radicals having trom t to about 20 carbon atoms, substituted-hydrocarbyl radicals, wherein one or more of 
the hydrogen atoms are replaced with a halogen atom, having trom t to about 20 carbon atoms, 
organometailoid radicals comprising a Group IV-A elemenl wh&ein each ol the hydrocarbyl substitutions 
contained in the organic portion of said organometailoid. independently, contain from 1 to about 20 carbon 
atoms and the Eke: 

X*, and X* are joined and bound to the metal atom to form a metallacyde. in which the metal atom. 
Xt and X* 2 form a hydrocarbocycfic ring containing from about 3 to about 20 carbon atoms; and 

fl is a substrtuent. preferably a hydrocarbyl substituent. on one ol the cyclopentadienyt radicals which is 
also bound to the metal atom. 

Each carbon atom in the cyctopentadienyl radical may be. independently, unsubstituted or substituted with 
the same or a different radical selected from the group consisting of hydrocarbyl radicals, substituted- 
hydrocarbyl radicals wherein one or more hydrogen atoms is replaced by a halogen atom, hydrocarbyl- 
substituted metalloid radicals wherein the metalloid is selected from Group tV-A of the Periodic Table of the 
Elements, and halogen radicals. Suitable hydrocarbyl and substituted-hydrocarbyl radicals, which may be 
substituted tor at least one hydrogen atom m the cyctopentadienyl radical, wifl contain trom 1 to about 20 
carbon atoms and include straight and branched alkyl radicals, cyclic hydrocarbon radicals, alky I- substituted 
cyclic hydrocarbon radicals, aromatic radicals and alkyl- substituted aromatic radicals. Similarly, and when 
Xi and/oi X* is a hydrocarbyl or substituted-hydrocarbyl radical, each may. independently, contain from 1 
to about 20 carbon atoms and be a straight or branched alkyl radical, a cyclic hydrocarbyl radical, an alkyl- 
substituted cyctohydrocarbyl radical, an aromatic radical or an afkyhsubstituted aromatic radical. Suitable 
organometailoid radicals include mono-, d>- and trisubslituted organometailoid radicals of Group IV-A 
elements wherein each of the hydroca/byl groups contain from t to about 20 carbon atoms. More 
particularly, suitable wganometalloid radicals incfude trimethylsilyl. triethylsilyl, ethyldimethyrsifyl. methyl- 
diethylsilyi, triphenylgermyl, trimethylgermyl and the like. 

Illustrative, but not Smiting exampJes of bis(cyctopentadienyl)zirconium compounds which may be used 
in the preparation of the improved catalyst of this invention are dihydroca/byl-substituted bis- 
(cyclopentadienyl)7irconium compounds such as bis(cyclopentadienyl)2irconrum dimethyl, bis- 
(cyclopentadienyOrirconium diethyl. bis(cyclopentadienyt)2hconium dipropyl. bis(cyclopentadienyl)?iiconium 
dibulyl. bis(cyclopentadienyf)zirconium diphenyl. bis(cyclopentadienyl)?irconium dineopentyl, bis- 
(cyclopentadienyl)2irconium di(m-totyt). bis(cyctopentadienyf)?irconium di(p-tolyl) and the like; 
(monohydrocarbyl-subslituted cyclopentadienyl)2rrconium compounds such as (melhylcyclopentadienyl) 
(cyctopentadienyl) and bis(methylcyclopentadienyl)7iiconium dimethyl. (ethylcyclopentadienyi> 
(cyclopentadienyf) and bis(ethytcyclopentadienyl)zirconium dimethyl, (propylcyclopentadienyl)- 
(cyclopentadienyl) and bis(propylcyclopent3dienyi)7irconium dimethyl. [(n-butyljcyctopentadienyl). 
(CyclopentadienyO and bis((n-butyl)cyclopentadienyl)?irconium dimethyl, |(l-butyf)cyclopentadienyr> 
(cyctopentadienyl) ' and bisj(|.bulyl)cyclopentadienyl)2irconium dimethyl, 

(r^ctoliexylmeihylcyclc^n:adienyl)(cyclc^ntadienyl) and bis(Cyctoriexylmemylcyctopentadienyl)2irconium 
dimethyl. (ben7ylcyclc^nt3dienyl){cyclci»ntadienyl) and bis(ben2ytcyclopentadieny02irconium dimethyl, 
(diprienyrmethylcyclopeniadienyiXcyclc^entadienyO and tis(diprienylnTetoyteycto^^ 
dimethyl (rrwrnylcyctopentadienylXcyctopentadienyl) and bis(memylr^ctor^tadienyl)7rrconium dihydride. 
(ethyteyctopentadienylj(cyclopentadienyr) and bis(ethylcyclc^tadienyt)2irconium dihydride! 
f>opylcyctor^ntadtenylKcyclopentadienyl) and bis(r>opyfcyctopentadienyf)2irconium. dihydride. [(n-butyf> 
cyclopentadienylKcyctopentadienyl) and bis((n-bu1yl)cydc^la*enyl^irconium dihydride. l(l-butyt)- 
cyctopentadienylKcyclopentadienyl) and bis[(t-buh/l)cyctopentadienylj2irconrum dihydride. 
(cyclohexyr>rcthylcydc^ta(fienyi7(c7ctopentadienyf) and bis(cycrohexyrmetf)ylcyclopentadieny!)2ira^um 
dihydride. (benzytoyclopentadienylKcyctopentadienyl) and bis(ben2ylcyclc^ntadienyi)2irconium dihydride. 
(diphenylmelhylcyclopentadienylXcyclopontadienyr) and bis(diphenylmethylcyclopentadienyl)7irconium 
dihydride and the like; (polyhydrocarbyl-subsrituted cyclopentadienyl)2irconium compounds such as 
(dimethyfcyclopentadienylXcyclopentadienyf) and bis(dirr«thyfcyclopentadienyl)7rrconium dimethyl. 
(trimelhylcyclopenladienyl)(cyclopentadienyl) and bis(trimethylcyctopentaojenyl)2irconium dimethyl. 
(tetramethylcyclor^ntadienylMcyctoperrtadienyl) and bis{tetramethytcyciopentadienyt))2irconium dimethyl, 
^fmethykyclopentadienyl){cyctorxni3dienyl) and bis(permethylcyclopentadienyl)2irconium dimethyl. 
(ethylietramethylcyctopeniatfenyOtcyctopentadienyl) and bis(ethyfteUamethylcyctopentadienyl)2irconium 
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dimethyl, (indenyl)(cyclopentadienyl) and b»5(ir*denyl)zirconium dimethyl, (dimelhylcyctopentadienyl)- 
(cydopentadienyl) and bis{dimethylcyclopentatlieny02irconium dihydride. (tiimethytcyclopentadienyl)- 
(cyclopentadienyl) and bis(tnmelhylcyclopentadi8nyl)2irconium dihydride. (letramethylcyclopentadienyt)- 
(cydopentadienyl) and bis(letramethyteyctopentadienyl)zirconium dihydride. (permetfiylcycJopentadienyl)- 
5 (cyctopentadienyl) and bi5(perrnethylcyctopentadienyl)2iiconium dihydride. 

(ethynetfamethyIcyctopentadienyt)(cyclopentad'«enyI) and bis{eihyhetrameihylcyclopentadienyl)zirconium 
dihydride. Ondenyl)(cyctopentadienyi) and bisflndenyl)zirconium dihydride and the Gke; (metal hydrocarbyl- 
substituted cyclopentadienyl)2ircon»um compounds such as (Uimethylsilylcyclopentadienyl)- 
{cyctopentadienyl) and bjs(UirromylsirylcycIopeniadienyl)2iTConium dimethyl. 

to (trimethyfp^mylcyctopentaoienyl){cyclopeni^ienyO and bis(trimethylgermylcyclopentadienyl)zifconiun) 
dimelhyi (tnmelhytstannyl(7ctopentadieny0{cyciopeniatfenyl) and bsflrimethyl stannylcyclopentadienyi> 
Zhconium dimethyl. (trimethytplumbyl cyctopentadienyl)(cyctopentadienyl) and bis- 
(tjimethy!plumbyteyclopentadienyl)2irconium dimethyl. (trimethylsiryteyctopentadienyl)(cyctopentadienyO and 
bis(trimemylsilylcyclopentadieny02irconium dihydride. (trimethylgefmylcyctopentadienylKcyclopentadienyO 
15 and b"s(trimethylgermylcyctor^matfeTiyr)2irconium dihydride. (tn'methylstannylcyclopentadienyl)- 
(cyctopentadienyl) and bis(trinieihyisiannylcyclopentedienyl)2irconium dihydride. 

(UimeihylptumbylcyctopentadienyO(cyclopentadienyl) and bis(trimethyipIumbyfcyctopentadienyl)2irconium 
dihydride and the like; (halogen- substituted cyclopentadienyt)2irconium compounds such as 
(trifluoromethytcyctopentadienylKcyclopentadienyi) and bis{lrilluoromethy1cyctopentadieny02tr«)ruum 
20 dimethyl, (hilluoromethylcyctopentadienyl)(cyclopentadienyl) and bis(trifUioromethylcyclopentadienyl)- 
zirconium dihydride and the like; silyl-substifuted (cyctopeniadienyl)rirconhjm compounds, such as bis- 
(cyclopentadienyJ)zirconium di(Uimethylsilyl). bisfcyclopeniadieny Zirconium di(phenyldim"ethytsiryl) and the 
like; (bridged-cyclopentadienytjzirconium compounds such as methylene bis(cyck5pentadienyt}zirconium 
dimethyl, ethylene bis(cyctopentadienyl)2irconium dimethyl, dimethybilyl bis(cyclopentadienyl)2irconium 
rs dimethyl, methylene bis(cyclopentadienyl)zirconium dihydride and dimethylsilyl bis(cyclopentadienyl)- . 
zirconium dihydride and the like; bis(cyclopentadienyl)zirconacyctes such as bis- 
(pentamethylcyctopentadienyljzirconacyclobutane. bis(penlan»ethylcyclopenladienyl)zirconacyclopentane. 
bis(cyclopeni3dienyf)zirconaindane and the like; olefin, diotefin and aryne Dgand substituted bis- 
(cyclopentadienyl)zirconium compounds such as bis(cycl()peniadienyl)(1>butadiene)zirconium. bis- 
30 <cyctopentadienylK2.3-dimethyl-1 >butadiene)zirconium. bis(pentamethylcyclopent3dienyl)(benzyne)- 
zirconium and the like; (hydrocart)yl)(hydride)sut)stituted bis(cyclopontadienyl)zirconium compounds such 
as bis(pentamethyrcyclopentadienyl)zirconium (phenyfKhydride). bis(penianiethyicyctopefltedienyl)2irconium 
(methyl)(hydride) and the like; and bisfcyclopeniadieny l)zirconium compounds in which a substituont on the 
cyctopentadienyl radical is bound to the metal such as (pemamethylcyclopentadienyl> 
35 (tetramethylcyclopeniadienylniethylene)zuconium hydride. (pentamethykryctopentadienyl)- 

(teuan^tfiylcyclopentadienylmelhylenejzirconium phenyl and the like. 

A similar list of illustrative tis<cyclopentadienyl)hafnium and bis(cyctopentadienyl)tilannim compounds 
could be made, but since the lists would be nearly identical to thai already presented with respect to bis- 
(cyctopentadienyl)zirconium compounds, such lists are not deemed essential to a complete disclosure. 
40 Those skilled in the art. however, are aware that brs(cyclopentadienyl)hatnium compounds and bis- 
(cyctopentadienyljtitanium compounds corresponding to certain ol the bis(cyctopentadienyl)zirconrum com- 
pounds listed supra are not known. The lists would, therefore, be reduced by these compounds. Other bis- 
(cyctopentadienyl)hatnium compounds and other bis(cydopentadienyl)litanarm compounds as weO as other 
bis(cyclopentadienyl)zirconium compounds which are useful in the catalyst compositions of this invention 
45 will, of course, be apparent to those skilled in the art. 

Compounds useful as a second component in the preparation of the catalyst of this invention wiO 
comprise a cation, which is a Bronsted acid capable of donating a proton, and a compatible noncoordinating 
anion containing a single coordination complex comprising a charge-bearing metal or metaDord core, which 
anion is relatively large (bulky), capable of stabilizing the active catalyst species (the Group PAB cation). 
50 which is formed when the two compounds are combined and said anion win be sufficiently labile to be 
displaced by otefmic. diotefinic and acetytenicatty unsaturated substrates or other neutral Lewis bases such 
as ethers, nitrites and the like. As indicated supra, any motal or metalloid capable of forming a coordination 
complex which is stable in water may be used or contained in the anion of the second compound. Suitable 
metafs. then, include, but are not Bmrted to, aluminum, gold, platinum and the Gke. Suitable metalloids 
55 include, but are not limited to. boron, phosphorus, silicon and the like. Compounds containing anions which 
comprise coordination compters containing a single metal or metalloid atom are. of course, well known 
and many, particularly such compounds containing a single boron atom in the anion portion, are available 
commeiciafly. In light of this, salts containing anions comprising a coordination complex containing a single 



7 



EP 0 468 537 A1 



boron atom are preferred. 

In general, the second compounds useful in the preparation of the catalysis ol this invention may be 
represented by the following general formula: 



Wherein: 

l* is a neutral lewis base; 
H is a hydrogen atom: 
io ll'-H] is a Bronsted acid; 

M' is a metal or metalloid selected from the Groups subtended by Groups V-B to V-A ol the Periodic 
Table of the Elements: ie., Groups V-B. W-B. VW-B. VIII, l-B. W-B. W-A. IV-A, and V-A; 

Oi to 0. are selected, independently, from the Group consisting of hydride radicals, diafkylamido 
radicals, afkoxide and arytoxide radicals, hydrocarbyl and substituted-hydrocarbyl radicals and organometat- 
rs loid radicals and any one. but not more than one. ol 0, to 0. may be a hatide radical - the remaining Oi to 
0„ being, independently, selected from the foregoing radicals; 
m is an integer from 1 to 7; 
n is an integer from 2 to 8; and 
n-m = d. 

to Second compounds comprising boron which are particularly useful in the preparation of catalysts of this 
invention may be represented by the loDowing general formula: 

|L'-Hf|BAr,Ar 2 X 3 X,J 



SS 



5 Wherein: 

L' is a neutral Lewis base; 

H is a hydrogen atom; 

ll'-H)* is a Bronsted acid; 

6 is boron in a valence stale ol 3; 
) At, and Ar ? are the same or diflerent aromatic or subslituled-aromatic hydrocarbon radicals containing 
horn about 6 to about 20 carbon atoms and may be linked to each other through a stable bridging group; 

X 3 and X* are radicals selected, independently. Irom the group consisting ol hydride radicals halide 
radicals, with the proviso that only X, or X, will be halide at the same time, hydrocarbyl radicals containing 
horn t to about 20 carbon atoms, substituted-hydiocarbyl radicals, wherein one or more oi the hydrogen 
atoms is replaced by a halogen atom, containing irom 1 to about 20 carbon atoms, hydrocarbyl-substituted 
metal lorganomelatloid) radicals wherein each hydrocarbyl substitution contains Irom 1 to about 20 carbon 
atoms and said metal is selected from Group IV-A of the Periodic Table of the Clements and the like. 
In general. Ar, and Ar, may. independently, be any aromatic or substituted-aromatk: hydrocarbon radical 
containing from about 6 to about 20 carbon atoms. Suitable aromatic radicals include, but are not limited to 
phenyl, naphthyl and anthracenyl radicals. Suitable subslituents on useful substituted- aromatic hydrocarbon' 
radicals, include, but are not necessarily limited to. hydrocarfcyl radicals, organometalloid radicals alkoxy 
radicals, atkylamido radicals, fhioro and Ituorohydrocarbyl radicals and the like such as those useful as Xa 
or X,. The substituent may be ortho. meta or para, relative to the carbon atom bonded to the boron atom. 
When either or both X, and X. are a hydrocarbyl radical, each may be the same or a ditterem aromatic or 
subsirtuted-aromatic radical as are Ar, and Ar 2 . or the same may be a straight or branched alkyl. alkenyl or 
afkynyl radical having from 1 to about 20 carbon atoms, a cyclic hydrocarbon radical having from about 5 to 
about 6 carbon atoms or an alkyl-substituted cyclic hydrocarbon radical having from about 6 to about 20 
carbon atoms. X, and X, may also, independently, be alkoxy or diafkylamido radicals wherein the alkyl 
portron of said alkoxy and diafkylamido radicals contains from 1 to about 20 carbon atoms, hydrocarbyl 
radicals and organometalloid radicals having from 1 to about 20 carbon atoms and the like. As indicated 
supra, Ar, and Ar? may be linked to each other. Similarly, either or both of Ar, and Ar? could be linked to 
either X, or X*. Finally, Xj and X, may also be linked to each other through a suitable bridging group. 

Illustrative, but not Smiting, examples of boron compounds which may be used as a second component 
•n me preparation of the improved catalysts of this invention are trialkyl-substituted ammonium salts such as 
tr.emylarnmonium teha(phenyl)boron, tn>opylammonium tBlra|phenyl)bofon, tn(rvbutyl)ammonium tetia- 
(phenyl)boron. trimethylammonium te!ra(r>tolyl)boron. trimethylammonium tetra(o-tofyl)boron, tributylam- 
monium tetra(pentafluorophenyl)boron. trir^opylamrnonrum tetra(o.p^methylphenyl)boron, fcibutylam- 
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monium tetra(m,fTwlimelhytphenyl)bOTon, tribuTylammonium Ietra(p-trilluoiomelhylph8ny!)boron. tTibutylam- 
monium teua{Dentafluorophenyl)boron, tri(n-butyl)ammonujrn tetra(o-totyl)boron and the like; N.N-dialkyl 
anilinium salts such as N.N-dimethylaniOnium tetra(phenyl)boron, N,N-diethylanilinium 1etra(phenyI)boron, 
N,N-2.4,6-penlamethy!aninnium tetia(pheny1)boron and Ihe like; diafkyl ammonium salts such as dlO-propyi> 

5 ammonium letia(pentalluorophenyl)boion. dicyclotexylammonium !8tra(phenyl)bOfon and lh8 tike; and 
triaryl phosphonium salts such as triptenylphosphonium teUa(phenyl)boron. tri(methytphenyl)phosphonium 
tetra(phenyf)bOfon. tri(dimethylphenyt)phosphonium tetralphenyl)boron and the Eke. 

Similar lists ol suitable compounds containing other metals and metalloids which are uselul as second 
components could be made, but such lists aie not deemed necessary to a complete disclosure. In this 

70 regard, it should be noted thai the foregoing fist is not intended to be exhaustive and other boron 
compounds thai would be uselul as well as useful compounds containing other metals or metalloids would 
be readily apparent from the foregoing general equations, to those skilled in the art. 

In general, and while most first components identified above may be combined with most second 
components identified above to produce an active olefin polymerization catalyst, it is important to continued 

is polymerization operations that either the metal cation initially formed Irom the first component or a 
decomposition product thereof be a relatively stable catalyst. It is also important that the anion ol the 
second compound be stable to hydrolysis when an ammonium salt is used. Further, it is important that the 
acidity of the second component be sufficient, relative to the first, to facilitate the needed proton transfer. 
Conversely, the basicity of the metal complex must also be sufficient to facilitate Ihe needed proton 

to transfer. Certain metallocene compounds - using bis(pentamethylcyclopentadienyl)ha!nium dimethyl as an 
illustrative, but not limiting example • are resistant lo reaction with all but the strongesi Bronsted acids and 
thus are not suitable as first components to form the catalysis of this invention. In general, bis- 
(cyctopentadienyl)metal compounds which can be hydrolyzed by aqueous solutions can be considered 
suitable as first components to form the catalysts described herein. 

25 With respect to the combination of first (metal-containing) component lo second component to form a 
catalyst of this invention; it should be noted that the two compounds combined for preparation of the active 
catalyst must be selected so as lo avoid transler ol a fragment of the anion, particularly an aryl group, to 
the metal cation, thereby forming a catalylically inactive species. This could be done by steric hindrance, 
resulting from substitutions on the cyclopentadienyl carbon atoms as well as substitutions on the aromatic 

30 carbon atoms of the anion. It follows, then, that metal compounds (first components) comprising 
porhydrocart>yl-substituted cyclopentadienyl radicals couW be effectively used with a broader range of 
second compounds than could metal compounds (first components) comprising unsubstituted cyclopen- 
tadienyl radicals. As the amount and size of the substitutions on the cyclopentadienyl radicals are reduced, 
however, more effective catalysts are obtained with second compounds containing anions which are more 

35 resistant to degradation, such as those with substituents on the ortho positions of the phenyl rings. Another 
means of rendering the anion more resistant to degradation is afforded by fluorine substitution, especially 
perfluoro-substilutron. in the anion. Fluoro-substituted stabilizing anions may. then, be used with a broader 
range of metal compounds (first components). 

In general, the catalyst can be prepared by combining the two components in a suitable solvent at a 

40 temperature within the range from about -100* C to about 300* C The catalyst may be used to polymerize 
o-olelins and/or acetytenicalry unsaturated monomers having from 2 to about 18 carbon atoms and/or 
diolefins having from 4 to about 18 carbon atoms either alone or in combination. The catalyst may also be 
used to polymerize o-olefins. diolefins and/or acetylenically unsaturated monomers in combination with 
other unsaturated monomers. In general, the polymerization may be accomplished at conditions well known 

45 in the prior an. It will, of course, be appreciated thai the catalyst system will form in situ if the components 
thereof are added directly to the polymerization process and a suitable solvent or diluent, including 
condensed monomer, is used in said polymerization process. It is. however, preferred to form the catalyst 
in a separate step in a suitable solvent prior to adding the same to the polymerization step. White the 
catalysts do not contain pyrophoric species, the catalysts' components are sensitive lo both moisture and 

so oxygen and should be handled and transferred in an inert atmosphere such as nitrogen, argon or helium. 

As indicated supra, the improved catalyst of the present invention will, preferably, be prepared in a 
suitable solvent or diluent Suitable solvents or diluents include any of the solvents known in the prior art to 
be useful as solvents in the polymerization of olefins, diolefins and acetylenicaHy unsaturated monomers. 
Suitable solvents, then, include, but are not necessarily limited to. straight and branched-chain hydrocar* 

55 bons such as isobutane. butane, pentane. hexane. heptane, octane and the like; cyclic and alicycBc 
hydrocarbons such as cyctohexane, cyrtoheptane. melhylcyclohexane. methylcycloheptane and the like and 
aromatic and alkyl-subsiituted aromatic compounds such as benzene, toluene, xylene and the like. Suitable 
solvents also include liquid olefins which may act as monomers or comonomers including ethylene. 
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propylene, buiadiene. cyclopentene, i-he*ane. 3-methyM-pentene. 4-meihyM-pentene. i.4-he*adiene. 1- 
octene. 1-decene and the like. Suitable solvents further include basic solvents not generally useful as 
polymerization solvents when conventional Ziegler-Natta type polymerization catalysts are used such as 
chtofobenzene. 

While the inventors do not wish to be bound by any particular theory, it is beBeved that when the two 
compounds used to prepare the improved catalysis ol the present invention are combined in a suitable 
solvent or diluent, all or a part ol the cation of the second compound (the acidic proton) combines with one 
of the subslituents on the metal containing {first componeni). In the case where the first component has a 
formula corresponding to that ol general formula 1 supra, a neutral compound is liberated, which neutral 
compound either remains in solution or is liberated as a gas. In this regard, it should be noted that it either 
Xt or X? in the metal containing (lirst component) is a hydride, hydrogen gas may be liberated. Similarly, if 
either X, or Xj is a methyl radical, methane may be liberated as a gas. In the cases where the first 
componeni has a formula conesponding to those ol general formulae 2. 3 or 4, one of the subslituents on 
the metal-containing (first) component is protonated but. in general, no substituent is liberated from the 
metal. It is preferred that the molar ratio of first component to second component be 1:1 or greater. The 
conjugate base ol the cation of the second compound, it one remains, wiD be a neutral compound which will 
remain in solution or complex with the metal cation formed, though, in general, a second compound is 
chosen such that any binding of the neutral conjugate base to the metal cation will be weak or norve*isiant. 
Thus, as the steric bulk of this conjugate base increases, it win. simply, remain in solution without interfering 
with the active catalyst. Similarly, if the cation of the second compound is a trialkyl ammonium ion. this ion 
wifl liberate a hydrogen atom to form gaseous hydrogen, methane or the like and the conjugate base of the 
cation will be a tertiary amine. In like fashion. H the cation were a hydrocarbyl- substituted phosphonium ion 
containing at feast one reactive proton, as is essential to the present invention the conjugate base ol the 
cation would be a phosphme. 

While still not wishing to be bound by any particular theory, it is also believed that as one ol the metal 
containing {first component) substituents (a tgand) is liberaied. the noncoordinaling anion originally 
contained in the second compound used in the catalyst preparation combines with and stabilizes either the 
metal cation formed from the first component, formally having a coordination number of 3 and a +4 
valence, or a decomposition produd thereof. The metal cation and noncoordinaling anion will remain so 
combined until the catalyst is contacted with ona or more olefins, diolefms and/or acelytenicafly unsaturated 
monomers either alono or in combination with one or more other monomers or another neutral Lewis base. 
As indicated supra, the anion contained in the second compound must be sufficiently labile to permit rapid 
displacement by an olefin, diotefin or an acetytenically unsaturated monomer to facilitate polymerization. 

The chemical reactions which occur in forming the catalysts ol this invention may, when a preferred, 
boron containing compound is used as the second component, be represented by reference lo the general 
formulae set forth herein as follows: 

1. (A-Cp)MX 1 X 2 ♦ tL , -H] 4 (BAr i Ar2X 3 X4)- — > 

l(A-Cp)>a 1 ) 4 [SAr a Ar2X3X4]- 4 H X 2 ♦ L' or 
[(A-Cp)MX2)MBAr 1 Ax2X 3 X 4 )- ♦ HXj ♦ L f 

I 1 

2. (A-Cp)MX* jX' 2 ♦ lL l -H)*[BAr 1 Ar2X 3 X4)" — > 

((A.Cp)M{X' 1 X , 2H)] 4 (BAr 1 Ar 2 X3X4]- ♦ L ' or 
I 1 

((A-Cp)M(X , 2X , iH)]MBAr 1 Ar 2 X 3 X4]- * L 1 

3. (A-Cp)ML 4 fL , -H] 4 (BAriAr 2 X 3 X 4 )- 

((A-Cp)M(LH)] 4 lBAr 1 Ar 2 X 3 X4)" ♦ L' 

4. (Cp)(R-Cp*)KXj ♦ [L , -H] 4 [BAr 1 Ar 2 X 3 X 4 )- --> 

Kp(HR-Cp*)MX 1 ) 4 (BAr 1 Ar2X 3 X 4 ]- ♦ L' or 

i rn 

(Cp<R-Cp )M) 4 {BAr 1 Ar 2 X 3 X 4 )- ♦ HX 2 ♦ L' 
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In the foregoing reaction equations, the numbers correspond to the numbers set forth in combination with 
the general equations tor useful metaltocene compounds of Group IVB metals (first components), in 
genera) the stability and rate of tarnation of the products in the foregoing reaction equations, particularly 
the metal cation, will vary depending upon the choice of the solvent, the acidity ol the [V-H] selected, the 

$ particular l\ the anion, the temperature at which the reaction is completed and the particular dicydoperv 
tadieny) derivative ol the metal selected. Generally, the initially formed ion* pair will be an active polymeriza- 
tion catalyst and win polymerize o -olefins, diolefins and aceiylenica&y unsaturated monomers either atone or 
in combination with other monomers, tn some cases, however, the initial metal cation win decompose to 
yield an active polymerization catalyst 

10 As indicated supra, most fust compounds identified above will combine with most second compounds 
identified above to produce an active catalyst, particularly an active polymerization catalyst. The actual 
active catalyst species is not. however, always sufficiently stable as to permit its separation and subsequent 
identification. Moreover, and while many of the initial metal cations formed are relatively stable, it has 
become apparent thai the initially formed metal cation frequently decomposes into one or more other 

is catatyticafty active species. 

While still not wishing to be bound by any particular theory, it is be&eved that the active catalyst 
species which have not been characterized, including active decomposition products, are of the same type 
as those which have been isolated and fully characterized or at least retain the essential ionic structure 
required for functioning as a catalyst. More particularly, it is believed that the active catalyst species which 

to have not been isolated, including active decomposition products, are the same type as the isolated and 
characterized active catalyst species in thai the these species contain a bis(cycbpentadienyl)meta) center 
which center remains cationic. unsaturated and has a metal-carbon bond which is reactive with olefins, 
diolefins and acetyienicatly unsaturated compounds. Furthermore, it is believed that the decomposition 
products may read with hydrogen gas to enter into a common slate ol equilibrium involving the cationic 

Z5 hydride complex, (Cp'CpMHl/X"\ 

This behavior is best exemplified in a perafkytcyclopentadienyl system wherein a letr a phenyl borate is 
used as the second component. For example, the reaction ol Cp^ZrMe? (where Cp* - C^Me*) and 
[Bu3NH)*|B(Ph*4)r (where Ph' « phenyl or para-aftyrphenyl with hydrogen or an alkyl group in the para- 
position) in toluene gives (Cp'jZrMeJ |B(Ph>p which is unstable and decomposes by toss of methane to 

30 give a single catalytically active product. The deep red product has been fully characterized by NMR 
spectroscopy and single crystal x-ray diffraction. Tho general structure ol this zwitterionic catalyst of this 
type is shown below: 

B(Ph') 3 

<Cp*) 2 *r 

40 

R 

Wherein: 

45 Cp* is a peralkyl-substrtuted cyctopentadienyl radical wherein each ol said alkyl substitutions may be 
the same or a different Ci-Cjo alkyl radical, preferably the same or a diflerent Ci-Ct alkyl radical, most 
preferably the same or a different Ci-C« alkyl radical; 

B is boron; 

Zr is zirconium; 

so Ph' is a phenyl of alkyl-substiluied phenyl radical and each ol the 3 Ph's may be the same or different 
and the alkyl substitutions may be C1-C11. preferably Ci-Ct. most preferably OC«; and 

R is hydrogen or an alkyl group having from 1 to about 14 carbon atoms, preferably from 1 to about 6 
carbon atoms, most preferably from 1 to about 4 carbon atoms. 

Addition ol excess hydrogen gas to a toluene solution containing the above-identified permethyl-substituled 
ss cyclopentadienyl zwitterionic catalyst causes a rapid reaction as evidenced by a color change from red (0 
yellow, and. in concentrated solutions, the formation ol a yellow precipitate. Removal ol hydrogen from the 
system regenerates the original zwitterionic catalyst in high yield. While not wishing to be bound by any 
theory, it is believed that the reaction of tiydrogen with the zwitterionic catalyst leads to the formation of 
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lCp' 2 2iH]*[B(Ph>r' reversible nature o! this reaction along with other spectroscopic evidence 
suggests that the hydride cation is in chemical equilibrium with the zwitterionic species. 

Consistent with the loregoing. stable polymerization catalysts have been prepared when bis- 
(permethylcyctopentadienyt)zirconium dimethyl has been reacted with &Kn-butyl)ammonium tetra(phenyt> 
5 boron. trKr^Oammonium tetra{p-tolyl)boron and m>bu1yl>mrnonium terjaf>ethylphenyi)boron. A stable 
polymerization catalyst has also been prepared when bis(ethylietraff»thytcyctopentadienyl)ztrconiufn 
dimethyl was reacted with ui(rvbutyl)ammonium tetta(p-toryl)boron. m each of these cases, the stable 
polymerization catalyst was prepared by adding the roactants into a suitable aromatic solvent at a 
temperature within the range horn about 0* C to about 100* C. Based on this and other information available 
to to the inventor, it appears dear that stable zwittertonic polymerization catalysts can also be prepared using 
biSuoerrrydro<artylcyctopentadienyl)zirconium cfialkyls and dihydrides in combination with ammonium salts 
ol an unsubsirtuted or p-subst'ituted-!etra(ary l)boron anion. 

In general, the stable catalyst formed by the method ol this invention may be separated from the 
solvent and stored for subsequent use. The toss stable catalyst however, will, generally, be retained in 
rs solution until ultimately used in the polymerization of olefins, diotefins and/or acetylenically unsaturated 
monomers. Afiernativery. any of the catalysts prepared by the method ol this invention may be retained in 
solution lor subsequent use or used directly after preparation as a polymerization catalyst. Moreover, and as 
indicated supra, the catalyst may be prepared in situ during a polymerization reaction by passing the 
separate components into the polymerization vessel where the components will contact and react to 
so produce the improved catalyst ot this invention. 

When the ratio of first compound to second compound is 1:1. at concentrations below about l<r*M. the 
catalyst is often not active lor olefin polymerization. While' the inventors do not wish to be bound by any 
particular theory, n is believed that adventitious oxygen or moisture in the diluent or monomers may 
deactivate the catalyst. When the ratio of the first compound to the second compound is 2:1 to 10:1 or 
» more, however, concentrations of the second component can be as tow as about 10"*M. 

When first compounds containing hafnium are reacted with second compounds containing a metal or a 
metalloid such as boron and a less acidic ammonium cations • using tri|n-butyt)ammonium tetrakis- 
(pentaftuorophenyl)boron as an example - and the catalyst therefrom is used in the polymerization process 
ol this invention, induction periods ol about 1 to about 15 minutes or more can be observed before the 
30 uptake ot monomer begins. Tnis phenomenon is most pronounced when the concentration of the hafnium 
compound is below about 10~ 4 M and that ot the second component is below about 1(T S M; higher 
concentrations of catalyst solution often show no induction period, ft can also be observed when first 
compounds containing zirconium are used when the concentration of the second component is about 10"* 
M or less. While the inventors do not wish to be bound by any particular theory, it is believed lhat the 
35 catalysl species formed decomposes in the polymerization process to form a catalytically inactive metal- 
containing compound and regenerating either the same or a different second component. This new second 
component activates any excess first component present to regenerate the active catalyst species ot tho 
present invention. While still noi wishing to be bound by any particular theory, it is believed that increasing 
the concentration of the catalysl or using second components containing more acidic ammonium cations 
40 win either diminish the length of this induction period or eliminate it completely. 

In general, and as indicated supra, the improved catalysl of this invention will polymerize olefins, 
diolelins and/or acetylenically unsaturated monomers either alone or in combination with other olefins and/or 
other unsaturated monomers at conditions well known in the prior art for conventional Ziegter-Natta 
catalysis, m the polymerization process of this invention, the molecular weight appears to be a function of 
45 both catafyst concentration and polymerization temperature and pofymerization pressure. The polymers 
produced with the catalyst of this invention, when prepared in the absence of significant mass transport 
effects, win, generally, have relatively narrow molecular weight distributions. 

Certain ol the catalysts of this invention, particularly those based on hafnocenes • using the catatyst 
produced from the reaction of bis(cyc»openladienyI)hafnium dimethyl and the tiisubstituted ammonium salt 
50 ol tetratpentafluorophenyI)boron as an example - when used as described herein tor the polymerization and 
copolymerization ol o-olelins. diolefms. and/or acetylenically unsaturated morornets. in the absence of a 
chain transfer agent, can lead to the production of extremely high molecular weight polymers and 
copolymers having relatively nanow molecular weight distributions. In this regard, it should be noted that 
homopolymers and copolymers having molecular weights up to about 2 x 10* and molecular weight 
55 distributions within the range of aboul 1.5 to about 15 can be produced with the catalysts ot this invention. 
The substituents on the cyclopentadienyl radicals, however, can exert a prolound influence on polymer 
molecular weights. 

Catalysis ot this invention containing a first component which is either a pure enantiomer or the racemic 
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mix .u,e o. two nttM o. a rigid. chira. metaltocen. can polype £ 

i. -0te6ns, ,o isoUKt* = ^S^rSl^^^^ - 
cyctopentadienyt radicals is substituted and conlaimng a covateni onogmg B «»v 
cvctopentadienyt radicals are parto.la.ly usetul to isotaclic polymercalKW ol this ^rpe. 

4 AwrtWarty surprising feature ol 6«ne ol the catolysts ol this invention. parUculariy thosotesedon 

5 a second component Rising *ZZ?£tt£tZZ 
in^rinn are used to copolymer^ o-clefins. either alone or in combination with dioteftns. the amount w 
NgTn^wS^Sn or ototom incorpe.a.ed into 0. copolymer is signHtetoHy 
Sp^H coders prepared wito *. m«e conventional J^^^"^^ 

,o ^XentadienyS-tonium catalysts. The relative rates ol reaction ol ethylene and higher r«ta wrthd* 
SS tttoM catalysts ol this invent are much close, than with convent.onal Bag* 
T^Z^Z ol the Group IV-B metals. The monomer distribution in copolymers prepared wrth the 
ion^cu^d, mth the tower olefins and towe, wi» range «,om near 

perfectly alternating to statistically random. he free ol 

« to general catalysts can be selected so as to produce the polymer products wtuch vM be tree a 
" met* generally tour- in polymers produced with Ziegler-Naha ftp, icM . «* « 

"uminum. magnesium. chtorMe and the fte. The polymc, products produced wrth tho ca^oUh^ 
uTntion should, then, have a broader range ol appBcattons than polymers produced wrth more conven- 
tkinai Zieoler-Natta tvpe catalysis comprising a metal atttyl. such as an aluminum alkyi. - 
„ t.** * heretotore pr*uc* wim c«.ven C ona, Ztegter-Natta type P°^-« 
the polymers produced with rwitterionic catalysts in the absence ol hydrogen or other chain lermnatmg 
l^nts corJn predominant* interna, rather than terminal unsaturation. to this regard .1 should be noted 
^".I/carbon atom* to the polyme, chain were nuntotred ™J*^«™^T 
polymers produced to the process ol this toventton would be 2.3 rathe, than the more tradrt-onal 1 1 

" PREFERRED EMBODIMENT OF THE INVENTION 

In a prelened embodiment ol the present invention, a tts(cyctopentadieny.)metal compound, said I metal 
bJJ Xted irom the Gioup consist^ o. «anium. *-conium and 

» two independently, substituted or unsubstituted cyclopentadienyl .adicals and one 0. two lower afty. 
S^-T^W o, two hydride substituenls win be combined with a Uisubst.tu.ed a-™^ 
rthTfsu^totoJ or unsubstituted te.ra,a.oma»ic)b»on. Each ol the tnsubs.-ut.ons in the ammon^, 
to win be «. same « a dilleienl towe, atkyl or ary. radical. By towe, alky, ts meanly an a»y W 
contoning Horn one to too, carton atoms. When the oisfcyctopentadienyDmetal compound used • a to- 

. ^ScS^Lhtod cyctopentadienyDmetal compound, an unsubstilu.ed 0. parte*, substituted 
K3*on sal. may be used. T,i,n-bu,yOammonium ,eua(pheny.)boron J* 
Syhbtwn Z tn,rvbutyl)amrnon i um ,e.,a(p*.hylp»umy,)boro, ^ ^Ced a^tonsT»^e 
oThyd locarby^subsututions on the cyctopentadieny. radicals is reduced however. ^ bsW ^"^ 
led to the trisubstnuted ammonium sahs. particularfy. pentanuorosubsMuted amons. T,.,n-but,l)ammon,um 

40 , rrrSK2l52 - 5S- — * bis ( cycto^«i,c.ium *£, or 
M^ctoSenyThamium dime.hy. wit. be .eacted with N .^me,h,Uu».inium teua^^ropheny^ 
boVonTproduce the most prelened catalyst ol the present invention. The two compononts ml be 
^ a. temperature Jthto toe ,ange Irom about 0*C to about 100 C. 
« combined orelerabTto an aromatic hydrocarbon solvent, most pretoably toluene. Nominal hotong tunes 
S about 10 second^ about 60 minutes wi» be sullen, to produce boto toe prelened 
and most prelened catalyst ol this invention. „„w,eri7e « 

to a preferred embodiment, toe catalyst, immediately alter locmation. w.B then be used 'bj^T £ 
towe, .£r.n particutort, ethytene or propylene, most pretoraMy ethylene. V"^«" 
„ range hem abooTo' C to about 100* C and at a pressure within toe range hem about 15^ » **«SO0 W 
M toTJTpSw- embodimen. o. toe present invento. toe rno^etened 

h^opolymerire ethylene or to copolymer^ ethylene with a tower *eMn hamngl.om 3 to 6 eaten 
^n?s tnoreby yielding a plastic o, an ebstomeric copolymer, to boto the prelened and h^M 
monomers wiD be maintoined a. polymerualton conditions to a nom«aI hotong M 
« 11 range nom about 1 to about 60 minutes and toe catalyst win be used at a concentration w,.hm toe 
ranoe Irom about 10" 5 to about 10"' motes per liter ol solvent 

^alg thus broadly described the present invention and a prelened and most prelerred emttodimem 
mereol. it is beloved that the same win become even more apparent by reference to the lo-lowmg 
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examples. It win be appreciated, however, that the examples aie presented solely tor purposes ot illustration 
and should not be construed as limiting the invention- All oJ the examples were completed either under an 
argon blanket by standard SchJenk techniques or under a hefium blanket in a Vacuum Atmospheres HE43-2 
drybox. The solvents used in the experiments were rigorously dried under nitrogen by standard techniques, 
s The boron and metatocene reagents used in the examples were either purchased or prepared following 
published techniques. The zwitterionic complexes (Examples 1. 4. 10 and 22) were characterized by solid 
state l3 C NMR spectroscopy and solution 'H NMR spectroscopy. The tetratp-eihylphenyljboron zwitterionic 
derivative isolated in Example 10 was lurther characterized by single crystal x-ray crystallography. 

10 EXAMPLE 1 

In this example, a stable, isdabte polymerization catalyst was prepared by combining 0.65 g ol t/i(r> 
butyt)ammonium teualphenyOboron with 0.50 g ot bis(pemamethytcyclopentadienyOzirconium dimethyl. The 
combination was accomplished by first suspending the uifn-bufyfyamrnonium tetra{phenyl)boron in 50 ml c4 

?5 toluene and then adding the bis(pentamemylcyckxpentarfte^yI)2hcontum dimethyl. The combination was 
8ccompnshed at room lemperaiure and contactrng between the two axmpounds was continued lor 1 hour. 
After 1 hour, an insoluble orange precipitate separated from solution leaving a clear mother liquor. The 
orange precipitate was isolated by filteratton. washed three times with 20 ml ot penlane and dried in- vacuo . 
0.75 g of the orange precipitate was recovered. A portion of this product was analyzed and H was found to 

to contain a single organometaflic compound having the following general formula: 



so wherein Me is a methyl radical. 
EXAMPLE 2 

In this example, ethylene was polymerized by adding 0.05 g of the orange precipitate recovered in 
35 Example 1 to 20 ml of toluene at room temperature in a 100 ml side armed flask and then adding excess 
ethylene at atmospheric pressure while maintaining vigorous agitation. An immediate exotherm was 
detected and the formation of polyethylene observed as the addition ot ethylene continued. 



In this example, ethylene was polymerized by first suspending 0.05 g of the orange precipitate 
prepared in Example 1 to 20 ml of chlorobenzene in a 100 ml side armed flask and then adding excess 
ethylene at atmospheric pressure while maintaining agitation. An immediate exotherm was detected and the 
formation of polyethylene was observed as the addition of ethylene continued. 



tn this example, an active, isotable otefm polymerization catalyst was prepared by first suspending 0.75 
g of tri(r>-bu!yf)ammonium tetraf>tolyf)boron in 50 ml of toluene and then adding 0.52 g of bis- 
so (pentamethylcyclopentadienyOzirconium dimethyL The mixture was stirred at room temperature for 1 hour. 
After 1 hour, an insolabte orange precipitate separated from solution. The orange precipitate was isolated by 
filtration, washed three times with 20 ml ol penlane and dried in- vacuo . 0.55 g of the orange precipitate 
were recovered. The orange precipitate was analyzed and lound to contain an organometanic compound 
having the following structure: 



B(C 6 H 5 ) 3 




EXAMPLE 3 



EXAMPLE 4 



55 
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B(p-tolyl) 3 

<C 5 Me 5 ) 2 2r ' ^ 



^-0 



CH 3 



wherein Me is a methyl radical. 
EXAMPLES 

In this example, ethylene was iwrymerized at atmospheric pressure by passing ethylene into a 20 ml 
sample of crude reaction mixture Uom Example 4 in a 100 ml side a/med flask. The ethylene was rapidly 
polymerized. 

EXAMPLE 6 

In this example, ethylene was polymerized at 40 psig by dissolving 0.02 g of the orange precipitate 
produced in Example 4 in 100 ml of toluene in a Fisher-Porter glass pressure vessel, heating the solution to 
80* C and then passing ethylene into said solution at 40 psig tor 20 m'mutes. 22 g of polyethylene w©re 
obtained and the average molecular weight ol the polymer was 57.000. The polymer had a potydispersity of 

2.5. 



EXAMPLE 7 



In this example, ethylene and acetylene were copolymerired by disserving 0.05 g of the orange 
precipitate from Exampto 4 in toluene and then adding 2 ml of purified acetylene at atmospheric pressure in 
an NMR tube. An immediate color change from orange to yellow was noted. After five minutes. 5 ml of 
ethylene at atmospheric pressure were added to this mixture and an immediate exotherm was observed as 
was polymer formation. 

EXAMPLE 8 

in this example, an active isolable olefin polymerization catalyst was produced by first suspending 0.56 
g of fri(rvbutyl)amrrx>riium letra(otolyl)boron in 50 ml of toluene and then adding 0.25 g of bis- 
(cyclopentadienyi)2irconium dimethyl. The mixture was stirred at room temperature for 1 hour. After 1 hour 
an insoluble yellow precipitate separated from an orange solution. The yellow precipitate was isolated by 
filtration, washed three times with 20 ml of pentane and dried in-vacuo . 0.26 g of the yellow precipitate were 
recovered. 



EXAMPLE 9 

In this example, excess ethylene was added at atmospheric pressure to a portion of the orange mother 
liquor from Example 8 in a 100 ml side armed flask and polyethylene formed. Ethylene was also contacted 
with a portion of the yellow precipitate, which precipitate was suspended in toluene in a 50 ml side armed 
flask and again polyethylene was formed. 



EXAMPLE 10 



In l^as example, an active, isolable olefin polymerization catalyst was produced by first suspending 1.20 
g of tri{n-butyl)ammonium tetra{p>ethylphenyl)boron in 50 ml of toluene and then adding 0.76 g of bis- 
(pentamethytcyclopentadienyl)zirconium dimethyl. The mixture was stirred at room temperature lor 1 hour. 
After i hour, the reaction mixture was evaporated to dryness. The crude orange solid, which was produced, 
was recry stalled from hot toluene to give 1.0 g of orange-red crystals. A portion of this product was 
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analysed and confcmed to be an oiganometainc compound having the following structure: 



B(p-ethylphenyl)3 

4 

(C 5 Me 5 ) 2 Zr 



CH 3 CH 2 

wherein Me is a methyl radical. 
EXAMPLE 11 

In this example, ethylene was polymerized by dissolving 0.10 g 0! the orange-red crystals from 
Example 10 in toluene and then placing the solution in a steel autoclave under nitrogen pressure. Ethylene 
at 100 pstg was then introduced into the autoclave and the autoclave heated to 80* C with agitation. After 10 
minutes, the reactor was vented to atmospheric pressure and opened. The yield of linear polyethylene was- 
27 g having a weight average molecular weight of about 52.000. 

EXAMPLE 12 

In this example, an active, isolabie olefin polymerization catalyst was prepared by first suspending 0.78 
g of trir>butyr)ammonium letra(mjn-dimethylphenyl)boron in 50 ml of toluene and then adding 0.50 g of 
bis(pentan^thylcyclopentadienyl)2trconium dimethyl. The mixture was stirred at room temperature tor 1 
hour. After 1 hour, the reaction mixture was evaporated to dryness. The resulting crude rod-brown solid was 
washed with 30 ml of peniane and dried in-vacuo to yield 0.56 g of a toluene soluble brown solid. Both the 
brown solid and the crude reaction mixture were dissolved in 40 ml of toluene in a 100 ml side armed flask 
and were observed to polymerize ethylene at atmospheric pressure. 

EXAMPLE 13 

In this example, two active, isolabie olefin polymerization catalysis were prepared by first dissolving 
0.78 g of Ul(n-tkAyl)ammonium tetra(o,p^imethylphenyl)bofon in 30 ml of toluene and 1 5 ml of peniane. 
The solution was then cooled to -30* C and 0.50 g of C«(penwmethyteyCrC^tacfenyl)2irconium dimethyl 
were added. The mixture was warmed to room temperature with agitation and held lor 4 hours. A yellow 
precipitate was separated from a purple reaction mixture by filtration. The yellow precipitate was dried rn- 
vacuo to g'"e 0 62 g of product. After separation of t ie yellow precipitate, the purple mother Bquor was 
evaporated to dryness to give 0.32 g of a purple g]ds$y solid. The yellow and purple products polymerized 
ethylene m de Jterotoluene in NMR tubes. 

EXAMPLE 14 

tn this example, an olefin polymerization catalyst was prepared by combining 0.06 g of txs(1> 
bistrimethylsJyfcyclc^ntacfenyOzw dimethyl. 0.05 g of N.N-dimethylaniBnium tetia(phenyI)boron and 
1 ml of deulerobenzene in an NMR tube and allowing the components to read. The NMR spectrum showed 
complete loss of starting materials after 20 minutes at room temperature. The reaction mixture was then 
divided into two portions, diluted with 20 ml toluene, and placed in 50 ml side armed flasks. Ethylene was 
added to one portion and propylene to the other. Rapid polymerization was observed in both cases. 

EXAMPLE IS 

In this example, an active olefin polymerization catalyst was prepared by first suspending 0.87 g of trHn- 
butyl)ammonium tet/a(r>iofyl)boron in 50 ml of toluene and then adding 0.50 g of 
(pentanttthylcyctopentatfenyrXcyctop dimethyl. The reaction was stined at room tenv 
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perature tor 18 hours to give a blue-green homogenous solution. The taction mixture was dried in- vacuo , 
washed with 30 ml of penlane. and then retfissorved in 100 ml ol toluene. The resulting blue-green solution 
was filtered into a glass pressure vessel and stirred under 1-5 atmospheres of ethylene. An immediate 
oother m and potymer formation was observed upon exposure of ethylene. The yield of polyethylene was 
s 45 g after IS minutes. 

EXAMPLE 16 

In this example, an olefin polymerization catalyst was prepared by first suspending 0.1 g of tri(n-butyl> 
io ammonium tetra(p-ethylphenyI)boron in 5 ml of oVben2ene and then adding 0.05 g of 
(oentamemylcyciopemadienylMcyclopeM dimethyl. The reaction was complete after 30 

minutes. The green solution was then dried in-vacuo to give a green glassy solid. The crude green product 
was extracted with 20 ml of toluene. In separate experiments, the toluene extract was exposed to ethylene, 
to propylene and to a mixture of ethylene and propylene. In each case significant" polymerization activity 
is was observed. 

EXAMPLE 17 

In this example, an active olefin polymerization catalyst was prepared by first suspending 0.22 g of tiHrv 
20 butyljammonium tetra(pentanuofOphenyl)boron in 50 ml of toluene and then adding 0.10 g of bis* 
{r^niameihylcyclopeniadienyl)zirconium dimethyl. The reaction vessel was capped with a rubber septum 
and stirred at room temperature. After 10 minutes the reaction mixture (now yellow and homogeneous) was 
pressurized with 1.5 atmospheres of elhylene and stirred vigorously. Rapid polymerization of ethylene was 
observed causing a significant increase m the reaction temperature (Irom room temperature to at least 
a 80" C) during the first 5 minutes of polymerization. After 15 minutes, the reaction vessel was vented and 
methanol was added to kin the still active catalyst. The yield of linear polyethylene was 3.7 g. 

EXAMPLE 18 

» In this example, an active olefin polymerization catalyst was prepared by suspending 0.34 g of m(n- 
bulyl)ammonium letra(pentatluorophenyl)boron in 50 ml of toluene and then adding 0.13 g of 
(pentamethyrcyctopentadienyl) (cyclopentadienyl)zirconium dimethyl. The reaction vessel was capped with 
a rubber septum and stirred at room temperature. After 10 minutes the reaction mixture (a yellow solution 
above an insoluble orange oil) was pressurized with 1.5 atmospheres ol ethylene and stirred vigorously. 

35 Rapid polymerization ol ethylene was observed causing a significant increase in the reaction temperature 
(Irom room temperature to at least 80* C) during the first minutes ol polymerization After 10 minutes, the 
reaction vessel was vented and methanol was added to kill the still active catalyst. The yield of Dnear 
polyethylene was 3.7 g. 

40 EXAMPLE 19 

In this example, an active olefin polymerization catalyst was prepared by combining 0.18 g of Ui(n- 
butyfjammonium tetracjwntafluorophenyiyboron in 50 ml of toluene and then adding 0.12 g of bis|1>bis- 
r,trrmethylsilylKyclc^ntadienyt>irconium dimethyl. The reaction vessel was capped with a rubber septum 
« and stirred at room temperature. After 10 minutes the reaction mixture (a yellow solution above an insoluble 
yellow oil) was pressurized with 1.5 atmospheres ol ethylene and stirred vigorously. Rapid polymerization of 
ethylene was observed causing a significant increase in the reaction temperature (from room temperature to 
at least 80* C) during the first minutes of polymerization. After 10 minutes the reaction vessel was vented 
and methanol was added to kill the still active catalyst. The yield of linear polyethylene was 2.1 g. 

50 

EXAMPLE 20 

In this example, an active olefin polymerization catalyst was prepared by suspending 0.34 g of tri(r> 
bulyOamrrwnium teuaij)entafluorophenyl)boron in 50 ml of toluene and then adding 0.10 g ol bis- 
55 (cyclopentao^yl)zirconium dimethyl. The reaction vessel was capped with a rubber septum and stirred at 
room temperature. After 10 minutes the reaction mixture fa yellow solution above an insoluble orange oil) 
was pressurized with 1.5 atmospheres of ethylene and stirred vigorously. Rapid polymerization ol ethylene 
was observed causing a significant increase in the reaction temperature (from room temperature to at least 
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80* C) during the first minutes of polymerization. Attar 10 minutes the reaction vessel was vented and 
methanol was added to deactivate the still active catalyst The yield of linear polyethylene was 37 g. 



tn this example, an active olefin polymerization catalyst was prepared by combining 0.12 g of tri(n- 
buty!)ammonion tetra(pentat1uorophenyl)boron and 0.04 g of bis{cyctopentad"tenyl)2irconium dimethyl in 100 
ml of toluene in a 250 ml flask. The flask was capped with a rubber septum and stirred at 60* C for 3 
minutes. Ethylene at 1.5 atmospheres and 3 ml of 1-hexene were then added to the flask. After 20 minutes, 
the flask was vented and methanol was added to deactivate the stiO active catalyst. The white polymeric 
product was collected by Alteration and dried in-vacuo to yield 6.0 g ol a hexene-ethylene copolymer. The 
melting point of the copolymer was 125* C. 

EXAMPLE 22 

In this example, an active. isolaWe olefin polymerization catalyst was prepared by first suspending 1.30 
g of tri(n-bulyI)ammonium tetra(p-loryl)boron in 50 ml of toluene and then adding 1.00 g of bis- 
(ethyltettarnethylcyclopemadieny1)2bconium dimethyl. The mixture was stirred at room temperature tor 1 
hour. After 1 hour, an insolabte orange precipitate separated from solution. The orange precipitate was 
isolated by filteration. washed three times with 20 ml of pentane and dried in-vacuo. 0.55 g of the orange 
precipitate were recovered. The orange precipitate was analyzed and found to contain an organometalBc 
compound having the following structure: 



wherein El is an ethyl radical and Me is a methyl radical. 
EXAMPLE 23 

In this example, 0.05 g of the orange precipitate produced in Example 22 was dissolved in 2 ml of 
deuterototuene and placed in a 5 mm NMR tube and capped with a rubber septum. Ethylene (2 ml at 1 
aim) was added via syringe and immediately polymerized. 

EXAMPLE 24 

In this example, ethylene and 1-txrtene were copotymerized in a hexane diluent by adding under a 
nitrogen atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 
ml of dry oxygen-free hexane. 40 ml ot a toluene solution containing 4 mg o1 bis(cyc!opentadienyl)2irconium 
dimethyl and 12 mg of tri(n-butyf)ammonium tetraxis(pefitafluorophenyl)boron. 1-butene (200 ml) was added 
to the autoclave, which was further pressurized with 65 psig of ethylene. The autoclave was stirred and 
heated for 7 minutes at 60*. The reactor was vented and ceded and Ihe contents dried. The yield of 
copolymer isolated was 9.2 g. The weight-average molecular weight of the polymer was 108.000 and the 
molecular weight distribution was 137. A compositional distribution analysis indicated a breadth index of 
68V 



rn this example, ethylene and 1-butene were copolymerized in a hexane diluent by adding under a 
nitrogen atmosphere to e 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 
ml of dry, oxygen-free hexane. 40 ml of a toluene solution containing 4 mg of bis(cyck>penl3dienyl> 



EXAMPLE 21 




B(p-tolyl)3 



CH 3 



EXAMPLE 25 
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2i ,conium dimethyl and 12 m 9 ol tri(n^l)ammonium teiraVistpentaflucophenynboron 1-butene (200 ml) 
^ added to the autoclave, which .as further pressurized with 65 psig ol ethylene. The autoclave was 
stirred and heated at 50* for 10 minutes. The autoclave was vented and cooled and the contents ^ The 
yield ol copolymer isolated was 7.1 g. The weight-average molecular weight ol the polymer was 92.Ww.th 
a molecular weight distribution ol 1.88. Analysis by «C NMR spectroscopy indicated a reactivity rat* <r,r,) 
Ot 0.145. 

EXAMPLE 26 

tn this example, ethylene and 1-butene were copolymerized in a hexane diluent by adding under a 
nitrcoen atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 4W 
^T^S^m he,ane. 25 ml of a toluene solution containing 9 mg of bis^l^ 
zirconium dimethyl and 2.9 mg of N.N^imethylanilinium ieUakis(pentafluorophenyl)boron 1-butene (100 ml) 
was added to the autoclave, which was further pressured with 65 psig of ethylene. The autoclave was 
stirred and heated at 50 " for 1 hour. The autoclave was vented and cooled and the contents *iedThe 
view of copolymer isolated was 272 g. The weight-average molecular weight ol the polymer was 23.000 
with a molecular weight distribution ot 1.6. Analysis ol the composition distribution indicated a median 
corrionomer content ol S2 mote% and a breadth index of 81%. 

EXAMPLE 27 

tn this example a stirred 100 ml steel autoclave reaction vessel which was equipped to perform Ziegter- 
Nana polymerization reactions al pressures up to 2500 bar and temperatures up 
temperature ot the cleaned reactor containing ethylene al low pressure was equilibrated at the desired 
reaction temperature of 160*. The catalyst solution was prepared by dissolving 259 mg of a zwittenowc 
catatvst (prepared from bisfemylienarTWthylcyclopentadienyOrircoriium dimethyl and tr.^butyOammonnjrn 
,etra^lhy.phenyl)boron in 10.0 ml of distilled toluene under nitrogen. A 0.4 ml . pota i of this catalyst 
solution was transferred by low-pressure nitrogen into a constant-volume injection tube, which was held at 
25" Ethylene was pressured into the autoclave at a total pressure ol 1500 bar. The reactor contents were 
stirred al 1000 rpm for, 1 minute at which time the catalyst solution was rapidly injected into the surnng 
reactor with excess pressure. The temperature and pressure changes were recorded continuously tor 120 
seconds at which time the contents were rapidly vented, yielding the polymer. The reactor was washed with 
xylene to coltecl any polymer remaining inside and all polymer was dried in vacuo. The yield ol 
polyethylene isolated was 0.56 g. This polymer had a weight-average molecular weight ol 21.900. a 
molecular weight distribution of 10 6 and a density of 0 965 g/ml. 

EXAMPLE 28 

In this example, ethylene was polymertfed by adding under a nitrogen atmosphere to a 1 L stainless- 
steel autoclave, previously purged with nitrogen and containing 400 ml ol dry. oxygen-hee hexane. first a 
solution of 15 mg ol bis(cyclopentadienyl)hafnium dimethyl in 30 ml of toluene, then, after 5 minutes, a 
toluene solution (50 ml) containing 12 mg of bis(cycropentadienyl)hafnium dimethyl and 30 mg of tn(n- 
butyOammonium tetrakis(per1luorophenyl)boron. The autoclave was pressured with 90 psig of ethylene and 
stirred at 60* After 1 hour, the autoclave was vented and opened. The yield ol linear polyethylene isolated 
was 73.8 g. This material had a weight-average molecular weight of 1.100.000 and a molecular weight 
distribution of 1.78. 

EXAMPLE 29 

tn this example, ethylene and propylene were copolymerized in a hexane diluent by adding under a 
nitrogen atmosphere to a 1 L slainleess- steel autoclave previously flushed with nitrogen and contain^ 400 
ml ol dry oxygen-free hexane. first a solution of 15 mg bis(cyclopentadienyl)hafnium dimethyl in 25 ml of 
toluene stirring for 5 minutes, then 50 ml of a toluene solution containing 17 mg bis(cyclop«ntad«iyl> 
hafnium dimethyl and 42 mg of tri(n-butyl)ammonium teUaKis(pentafluoTophenyl)boron. Propylene (200 ml) 
was added to the autoclave, which was further pressured with an additional 50 psig of ethylene. The 
autoclave was stirred al 60* lor 15 minutes. The reactor was vented and opened and the residual he*ane m 
the contents evaporated under a stream of air. The yield of copolymer isolated was 61.0 g. This copolymer 
which was 35.1 wt% ethylene, had a weight- average molecular weight of 103.000 and a molecular weight 



19 



EP 0 468 S37A1 



distribution ot 2.3. Analysis by ,3 C NMR spectroscopy indicated a statistically random copolymer. 
EXAMPLE 30 

s hi this example, ethylene and propylene were copolymerized in bulk propylene by adding under a 
nitrogen atmosphere to a 1 L stainless-steel autoclave preeviously flushed with nitrogen 50 ml of a toluene 
solution containing 36 mg of bis{cyctopentadienyf)totnhjm dimethyl and tt mg of N.l^methytanilinium 
tetrakis(pentatluorophenyl)boron. Propylene (400 ml) was added to the autoclave, which was further 
pressurized with 120 psig of ethylene. After stirring for 15 minutes at SO* . the reactor was vented and 

to opened and the contents dried under a stream of air. The yield of copolymer isolated was 52.6 g. The 
copolymer, which was 38.1 wt% ethylene, had a weight-average molecular weight of 603.000 and a 
molecular weight distribution of 1.93. 

EXAMPLE 31 

rs 

tn this example, ethylene and 1-butene were copolymerized in a hexane diluent by adding under a 
nilrogen atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen 8nd. containing 400 
ml of dry. oxygen-free hexane. first a 30 ml of a toluene solution containing 15 mg of bis(cyctopentadieny! 
halnium dimethyl, then after stirring tor 5 minutes. 30 ml of a toluene solution containing 12 mg of bis- 

20 fcyctopenladienyt)hafnium dimethyl and 30 mg of tri(n-butyt)ammonium tetraKis(pentafluorophenyl)baon. 1- 
butene (50 ml) was added to the auioclave. which was further pressured with 65 psig of ethylene. The 
autoclave was stirred and healed to 50* tor 1 hour. The reactor was vented and opened and the contents 
dried in a vacuum oven. The yield ol copolymer isolated was 787 g. This copolymer, which was 62.6 wl% 
elhylene. had a weight-average molecular weight of 105.000 and a molecular weight distribution of 4.94. 

2t Analysis by l3 C NMR spectroscopy indicated a reactivity ratio (hr 2 ) of 0.153. 

EXAMPLE 32 

tn this example, ethylene, propylene, and 1-butene were copolymerized in a hexane diluent by adding 
30 under a nitrogen atmosphere to a 1 L stainless-steel reactor, previously flushed with nitrogen and containing 
400 ml of dry. oxygen-tree hexane. 50 ml ol a toluene solution containing 19 mg ot bis(cyctopenladienyi> 
hatnium dimethyl and 15 mg of tri(n-bulyl)ammonium tetrakis(penlafluorophenyl)boron. 1-butene (50 ml) and 
propylene (25 ml) wore added to the autoclave, which was further pressurized with 60 psig of ethylene. The 
autoclave was stirred at 50* tor 45 minutes, then cooled and vented. The contents were dried under a 
9s stream of air. The yield of isolated ter polymer was 17.9 g. The weight-average molecular weight of the 
polymer was 188.000 and the molecular weight distribution was 1.89. Analysis by °C NMR spectroscopy 
indicated that the polymer contained 62.9 mote% ethylene. 25.8 mole% propylene, and 11.3 mole% 
butene. 

40 EXAMPLE 33 

In this example, elhylene. propylene, and i.4*hexadiene were copolymerized in a hexane diluent by 
adding under a nitrogen atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and 
containing 400 ml of dry, oxygen-free hexane. first 100 ml of freshly-distilled 1,4-hexadiene. then 50 ml of a 

*b catalyst solution containing 72 mg ot bis(cyctopentadienyl)hafraum dimethyl and 16 mg N,N- 
dimethylantlinium tetrakrs(perfluorophenyl)boron. Propylene (50 ml) was added to the autoclave, which was 
further pressurized with 90 psig of ethylene. The autoclave was stned at 50* for 10 minutes, then cooled 
and vented. The contents were dried under a stream of air. The yield of isolated terpolymer was 30.7 g. 
The weighi-average molecular weight of the polymer was 191.000 and the molecular weighl distribution was 

so 1.61. Analysis by ,5 C NMR spectroscopy indicated that the polymer contained 70.5 mote% ethylene. 24.8 
mote* propylene, and 4.7 mole% 1.4-hexadiene. 

EXAMPLE 34 

ss In this example, ethylene and 1-hexene were copolymerized in a hexane diluent by adding under a 
nitrogen atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 
ml of dry, oxygen-tree hexane. first 30 ml of toluene solution containing 15 mg of bis(cyctopentadienyl> 
hafnium dimethyl, then, after 5 minutes. 1 00 ml of alumina-filtered and degassed 1-hexene and then 50 ml 
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ot a toluene solution containing 12 mg ol bis(cyclopentadienyl)hafm*um dimethyl and 30 mg of trifn-butyl)- 
ammonium tetrak»s(penta(tuoiopnenyf)bofon. The autoclave was piessuri2ed with 65 psig of ethylene, stirred 
and heated at 50 for 1 hour, then cooled and vented. The contents were dried in a vacuum oven. The 
yield of isolated copolymer was 54.7 g. The copolymer, which was 46 wt% ethylene, had a weight-average 
molecular weight of 138,000 and a molecular weight distribution of 3.0a Analysis by ,3 C NMR spectroscopy 
indicated a reactivity ratio (r iij) ol 0.262. 

EXAMPLE 35 

i In this example, propylene was polymerized in a hexane diluent by adding under a nitrogen atmosphere 
to a 1 L stainless-steel autodave, previously flushed with nitrogen and containing 200 ml of dry. oxygen-tree 
hexane. 50 ml of a toluene solution containing 72 mg ot r^cyck^entadienyljhafnium dimethyf and 22 mg 
of N.r*«tfmethyMnium teualus(pertafruoror^yf)boron. Propylene (200 ml) was added and the autoclave 
was stirred at 40* tor 65 minutes. The autoclave was coded and vented and the contents dried in a 
vacuum oven. The yield of atactic polypropylene was 37.7 g. The weight-average motecula/ weigh! of this 
polymer was 92.000 and the molecular weight distribution was 1 M. 

EXAMPLE 36 

In this experiment, propylene was polymerized in bulk propylene by adding under a nitrogen at- 
mosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen, 50 ml of a toluene solution 
containing 77 mg of bis(cyclopentadienyl)halnium dimethyl and 22 mg of N,N-<fm^ethylanilinrum tetrakis- 
(pentafluorophenyl)boron. Propylene (400 ml) was added and the autoclave stirred at 40* for 90 minutes. 
The autoclave was cooled and vented and the contents dried in a vacuum oven. The yield of atactic 
polypropylene isolated was 587 g. The weight-average molecular weight of this polymer was 191.000 and 
the molecular weight distribution was 1.60. 

EXAMPLE 37 

In this example, propylene was polymerized in bufk propylene by washing 72 mg of bis- 
(cyclopemadienyl)hafnium dimethyl and 22 mg of N.N-dimethylanirinium tetTakis(rpentafluorophenyl)boron 
into a 1 L stainless-steeJ autoclave, previously flushed with nitrogen, with 500 ml ol propylene. The 
autoclave was stirred at 40 " lor 90 minutes and at SO* tor another 30 minutes, then cooled and vented. 2.3 
g of atactic polypropylene were isolated. 

EXAMPLE 38 

In this example, ethylene was polymerized by reacting 55 mg of bis(Uimethylsilylcyclopentadienyi> 
hafnium dimelhyt with 80 mg of N.!^imethylanilirium tetrakis(pentafluorophenyl boion in 5 ml ot toluene in 
a serum-capped vial. On passing ethylene through the solution for 15 seconds, polymer formed as the 
mixture grew hot. The vial was opened and the contents diluted with acetone, filtered, washed, and dried. 
The yield of polyethylene was 0.26 g. 

EXAMPLE 39 J 

In this example, propylene was polymerized in bulk propylene by adding under a nitrogen atmosphere 
to a 1 L stainless-steel autoclave, previously flushed with nitrogen, 25 ml ol a toluene solution containing 10 
mg of rac-dimethyrsifyl bisfindenyljhafnhim dimethyl and 5 mg of N.N4irnethytanifiruum tetraxis- 
(pentalluorophenyOboron. Propylene (500 ml) was added and the autodave stirred at 40* for 4.5 hours. The 
autoclave was cooled and vented and the contents dried in a vacuum oven. The yield of rsotactic 
polypropylene isolated was 78.5 g. The weight-average molecular weight of this polymer was 555.000 and 
the molecular weight distribution was 1.86. The polymer had a melting point of 139* C. Analysis by ,J C 
NMR spectroscopy indicated that the polymer was about 95% isotadic. 

EXAMPLE 40 

In this example, an active ethylene polymerization catalyst was prepared by suspending 40 mg of N,N- 
dimelhytanitinium tetiakis(pentanuorophenyr)boron and 17 mg of 1-bis(cyclopentadienyl)ziTCona-3HJimethyK 
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necessarily illustrated herein. For this reason, then, reference should be made solely to the appended 
claims lor purposes of determining the true scope ol the present invention. 

Claims 

5 

1. A catalyst having an tonic structure comprising a bis-(cyctopentedienyl) derivative ol Group IV B metal 
(derived Irom a first component) having a melai center with a coordination number of 3 and *4 valence, 
which is caiiontc. unsaturated and has a metaJcarbon bond which is reactive with olefins, diotefins 
and/or acetytenicafty unsaturated compounds, combined with and stabilised by a rwrvcoortfnating 

ro anion (derived Irom a second component) which an ion is a single coordination complex comprising a 
plurality of lipophilic radicals covateniry coordinated to and shielding a central formally charge-bearing 
metal or metalloid atom, which anion is bulky, stable to arty reaction involving a cation ol the second 
component and sufficiently labile to permit displacement by an olefin, diolefin and/or acetytemcally 
unsaturated monomer during polymerisation. 

rs 

2. A catalyst according to claim 1 in which the ionic structuro is that of a Twinerionic structure. 

3. A catalyst according to claim 1 in which the ionic structure is an ion pah. 

so 4. As a composition of matter, an organometallic compound represented by one of the following general 
formulae : 

1. {(A-Cp)MX,] mVQ*Q2...QJ y 

2. ((A.Cp)MX,l'I diMVO>Q 1 ...Q r f 
Wherein : 

M is a metal selected from the group consisting of titanium, zirconium, and hafnium; 

30 (A-Cp) is either (Cp) (Cp*) or Cp-A*-Cp* and Cp and Cp' are the same or different substituted or 
unsubstituted eye tope ntadienyl radicals: 

A' is a covalenl bridging group: 

35 Xt is selected Irom the group consisting of hydride radicals, hydrocarbyl radicals: substituted- 
hydrocarbyl radicals or otganomelalloid radicals; 

r is a neutral Lewis base: 

40 M' is a metal or metalloid selected from the groups encompassed by Groups V-B to Vt-A of the Period 
Table of the Elements; i.e.. Groups V-B. Vl-B. VN-B. VHI. I-B. H-B, Ill-A, IVA. and V-A; 

Ot to O n are selected, independently, from the group consisting of hydride radicals, dialkyiamido 
radicals, alkoxide and aryloxide radicals, hydrocarbyl and Substituted-hydiocart>yl radicals, and or- 
4& ganometalloid radicals and any one. but not more than one. ol the Oi to 0. may be a halide radical - 
the remaining Q t to 0. being, independently, selected from the foregoing radicals; 

m is an integer from 1 to 7; 

to n is an integer Irom 2 to 8; and 

n * m = d. 

5. The composition of matter ol claim 4 wherein said anion is represented by the following general 
ss lormula : 

IBAr 1 Ar 2 X 3 X < r 
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Wherein : 

6 is boron in a valence state of 3; 

S Ar t and Ar 2 are the same or different aromatic or substituted* aromatic hydrocarbon radicals which 
radicals may be linked to each other through a stablo bridging group; and 

Xj and X< are. independently selected Hem the group consisting ot hydride radicals, hafide radicals, 
and hydrocarbyl and subsiituted-hydorcarbyl radicals and organometaUoid radicals. 

to 

6. The composition of matter of claim 5 wherein said anion is chosen from the group consisting of 
unsutosiituied leMaiomaticJooron anions and substituted tet/a(aromatic)bor on anions. 

7. Composition of matter containing an organometattic compound having the following general structural 
15 formula: 



(Cp ) 2 Zr 




Wherein : 

Cp* is a peralkyl-substituted cyclopentadienyl radical wherein each ot said alky! substitutions may be 
the same or a different CrC?o aftyl radical; 

B is boron; 

Zr is zirconium; 

35 Ph' is a phenyl or athyl- substituted phenyl radical and each of the 3 Ph*s may be the same or different 
and the alkyl substitutions may be Ct«Ci«; and 

R is hydrogen or an alkyl group having from 1 to 14 carbon atoms. 

40 a Composition of matter according to claim 7 having the following general structural formula : 



B(C 6 H 5 ) 3 



50 wherein Cp* is a (.pentamethylcyctopentadienyl) radical; 
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